Prognostic biomarkers that stratify patients with cancer are needed. Recent studies from Asia have implicated SALL4, a stem cell marker, as useful in identifying aggressive cases of hepatocellular carcinoma (HCC), and >50% of the cases tested had upregulation by microarray or dense immunoreactivity. Given the differences in predominant etiologic factors between the Asian and Western HCC, we sought to determine the prevalence of SALL4 immunoreactivity and its clinical relevance in Western HCC patients. We constructed tissue microarrays from 236 adult HCCs. Two cores each of tumor and nontumor tissue were included for each case. SALL4 immunohistochemistry was scored in a semiquantitative manner and the results correlated with recurrence-free and overall survival, in addition to standard demographics. Among the 236 cases, 165 (70.0%) were male. The median age was 59 years (range: 19 to 83 y). The majority (78.4%) of patients were white, followed by African American (15.7%), Asian (3.8%), Hispanic (1.7%), and Native American (0.4%). The majority of patients had hepatitis C (42.8%), followed by alcoholic liver disease and hepatitis B (both 8.9%), and nonalcoholic steatohepatitis (3.8%). SALL4 immunoreactivity was detected in a total of 3 cases (1.3%), and nonreactivity was validated on tissue sections from 73 cases. By univariate analysis, the SALL4-positive cases had significantly higher tumor grade (P = 0.0251), more frequent lymphovascular invasion (P = 0.0150), and shorter recurrence-free survival (7.90 vs. 57.54 mo; P = 0.0115) and overall survival (7.90 vs. 64.87 mo; P = 0.0018). Although SALL4 immunoreactivity in Western HCC is correlated with higher grade and poor prognosis, this is a rare event. Therefore, universal application of SALL4 as a biomarker for HCC should be performed with caution.
T he worldwide incidence of hepatocellular carcinoma (HCC) is increasing. [1] [2] [3] [4] [5] [6] The most common associations with HCC are chronic liver diseases due to viral hepatitis B and C (HBV and HCV) and alcohol; nonalcoholic fatty liver with or without cirrhosis is also increasingly recognized in association with HCC. 2, [7] [8] [9] There is geographical variation in dominant etiology: whereas Western HCC patients usually develop tumor after HCV, alcohol, and nonalcoholic fatty liver disease, Asian HCC patients more commonly are carriers of HBV. 1, 2 Despite the advances in surveillance technology and treatment options, HCC remains a deadly disease. Standard therapies include surgery, transarterial chemoembolization, and radiofrequency ablation. 5, 10 More recently, several multikinase inhibitors (sorafenib, sunitinib, etc.) have been shown to be effective in prolonging survival in late-stage HCC. [11] [12] [13] These newer agents, however, although prolonging stable disease for several weeks, achieve only modest response. [10] [11] [12] Given the limited resource of donor livers and relative high cost in molecular targeted therapeutics, it is important to develop biomarkers that could aid in stratification of patients.
Any ideal prognostic biomarker should be based on disease pathobiology, with high sensitivity and specificity, and can be carried out by an assay that is easy to perform. Recent advances in prognostic biomarker development include gene and expression analysis. 8, [14] [15] [16] [17] Although there are exciting findings and the results can be linked directly to potential oncogenic pathways, and, hence, the possibility of selecting appropriate therapies, the cost and technical aspects may prevent widespread applications. Therefore, attention has been turned to immunohistochemical markers, most of which can be used on formalin-fixed, paraffin-embedded tissue utilized in routine preparation in diagnostic evaluation.
Recently, translational work identified "stem cell features" as important indicators of poor prognosis in various cancer types, including HCC. [18] [19] [20] [21] [22] Subsequent validation by morphologic studies followed, using immunohistochemistry against keratin 19. 23,24 Expressions of target proteins that are keys to the biology of cancer stem cell/ progenitor cell components are thus promising immunohistochemical biomarkers. SALL4, an oncofetal protein, is expressed in fetal livers and various malignancies, including acute myeloid leukemia, lymphoma, yolk sac tumor, among others. [25] [26] [27] Two recent reports indicate that SALL4 may be important in carcinogenesis of HCC and implicates a more aggressive behavior. 28, 29 Importantly, in these reports, SALL4 immunoreactivity was seen in 56% to 85% of cases, and upregulation by microarray analysis was detected in 50% of cases. 28, 29 Interestingly, the patient cohorts analyzed in the studies to date were Asians, with a high prevalence of HBV-associated HCC. We aimed, therefore, to examine the use of SALL4 as a prognostic marker in a large cohort of HCC in Western patients. We correlated the expression of SALL4 in 236 HCC cases with clinical outcomes.
MATERIALS AND METHODS

Patients
All resected or transplanted pure, nonfibrolamellar HCC cases between 1990 and 2009 were identified by a computer database search of the Departments of Surgery and Pathology and Immunology, Washington University School of Medicine. The cases were reviewed, and only cases with sufficiently viable tissue material for assembling tissue microarray (TMA) were included. Medical records were reviewed and pertinent demographic data (age, sex, underlying diseases), pathology readouts (tumor size, tumor stage, degree of fibrosis, and lymphovascular invasion), and clinical data (previous therapies, recurrence-free survival, overall survival) extracted. The study was approved by the Institutional Review Board of Washington University School of Medicine.
Tissue Microarray
The histology of each case was reviewed by a liver pathologist (E.M.B.), and representative tissue blocks were selected for TMA construction. For each case, 2 cores of 2 mm each were punched from both tumor and nontumor liver to construct TMA blocks. Nonhepatic tissue cores served as starting and ending cores for each block.
SALL4 Immunohistochemistry
Immunohistochemistry of SALL4 was carried out as described previously. 27, 30 Briefly, antigen retrieval was performed using 1 mM EDTA at pH 8.0. SALL4 immunohistochemical analysis was performed using a Benchmark XT autostainer (Ventana, Tucson, AZ). SALL4 antibody was obtained from Sigma-Aldrich (Saint Louis, MO; catalog number WH0057167-M03). The Ultraview universal DAB detection system was used for signal detection (Ventana). Appropriate positive and negative controls were included for each run of immunohistochemistry. SALL4 expression in TMAs was scored by a liver pathologist (E.M.B.). Two patterns of nuclear reactivity were detected; 1 was granular, and 1 was diffuse in which the nucleolus was completely obscured. Only the diffuse pattern of nuclear reactivity was considered positive for SALL4; patchy granular nuclear reactivity was noted but not scored as a positive. 29 A semiquantitative score was used to classify SALL4 expression on the basis of the percentage of tumor cells that showed the diffuse nuclear immunoreactive pattern for SALL4, as described previously 29 : 0: <5%; 1: 5% to 30%; 2: 31% to 50%; 3: 51% to 80%; 4: >80%. It is noteworthy that the score 0 includes cases with a focal granular nuclear staining pattern that was present in <5% of tumor cells. For cases with a focal granular nuclear staining pattern seen on TMA, corresponding tumor blocks from which the TMAs were constructed were stained with SALL4 to exclude the possibility of undersampling. Fifty-three additional cases with nonreactivity on TMA were also randomly selected, and the corresponding tumor blocks from which the TMAs were constructed were stained with SALL4.
Statistical Analysis
For each parameter, a univariate analysis was performed. Unpaired t test or w 2 was used for comparison between 2 separate groups. Kaplan-Meier curves were created for recurrence-free survival and overall survival, and statistical analysis was performed using the Log rank test. Significance was defined as P < 0.05. Table 1 summarizes the demographics and additional clinical information of the HCC patients. Of the 236 patients whose tumors were included in the TMA analysis, 165 (70.0%) were male and 71 (30.0%) were female. The median age was 59 years, and the mean age was 50 years (range: 19 to 83 y). The majority (n = 185; 78.4%) of patients were white, followed by African American (n = 37; 15.7%), Asian (n = 9; 3.8%), Hispanic (n = 4; 1.7%), and Native American (n = 1; 0.4%). Twenty-one (8.9%) cases had HBV, 101 (42.8%) had HCV, 21 (8.9%) had alcoholic liver disease, 9 (3.8%) had nonalcoholic steatohepatitis, 2 (0.8%) had hemochromatosis, and 1 (0.4%) each had autoimmune hepatitis, primary sclerosing cholangitis, Budd-Chiari Syndrome, Alagille syndrome, and Byler syndrome. It is noteworthy that among the patients, 15 (6.4%) had >1 etiology. One hundred twenty-seven patients (53.8%) received orthotopic liver transplantation, whereas 109 (46.2%) underwent partial hepatic resection for HCC. The mean serum a-fetoprotein (AFP) level was 1604.7 ng/ mL; 168 patients (71.2%) showed elevated serum AFP levels. Lymphovascular invasion was seen in 56 (23.7%). Among the 186 patients with available tumor grading information, 85 (45.7%) were well differentiated, 83 (44.6%) were moderately differentiated, and 18 (9.7%) were poorly differentiated HCCs. Using the quantification system for SALL4 described by Yong et al, 29 among the 236 HCC specimens, only 3 (1.3%) showed scores of Z1. All 3 cases showed a diffuse nuclear staining pattern (Fig. 1A) . Twenty additional cases showed focal (< 5%) SALL4 immunoreactivity with a granular nuclear staining pattern (Fig. 1B) . To exclude the possibility of inadequate sampling in these cases, we subsequently performed SALL4 immunohistochemistry on tissue blocks from which the TMAs were constructed. None of these cases showed Z5% immunoreactivity or diffuse nuclear staining pattern on tissue sections (data not shown). As these cases had no differences in outcome from those without granular nuclear reactivity (data not shown); they were not further analyzed. We also additionally performed SALL4 immunohistochemistry on 53 HCC tumor blocks from the cases that showed nonimmunoreactivity on TMA. None of these cases showed nuclear staining on tissue sections. The 3 SALL4-positive HCCs (immunoreactivity score Z1) are described in more detail in Table 3 . Two were women; underlying diseases were HCV plus HBV (1), HCV (1), and in 1 case, there was no underlying liver disease. This patient had 2 recurrences of HCC. Only 1 case had elevated AFP (> 99,000 ng/mL). The tumor was multinodular and overall had measured 11 cm. The other 2 were smaller at 7 and 2.2 cm. All 3 cases had lymphovascular invasion. The tumor grades were moderately differentiated in 1 and poorly differentiated in 2. Univariate analysis showed that compared with SALL4negative HCCs, the SALL4-positive tumors were more likely to be higher grade (P = 0.0251) and have lymphovascular invasion (P = 0.0150), whereas no significant differences were seen in correlations with age, sex, ethnicity, presence of cirrhosis, Child-Pugh and BCLC stage, tumor size, or multinodularity ( Table 2) . Next we sought to determine whether the SALL4 immunoreactivity correlated with prognosis. There was no significant difference in recurrence-free survival and overall survival between cases that showed no SALL4 immunoreactivity and those that showed focal (<5%) granular nuclear reactivity (still considered score 0; data not shown). Therefore, for prognosis analysis, these cases were not separated. As shown in Figures 2A and B , the 3 SALL4-positive cases had significantly shorter recurrencefree survival (7.90 vs. 57.54 mo; P = 0.0115) and overall survival (7.90 vs. 64.87 mo; P = 0.0018). We also performed a subanalysis to compare the outcome between the 3 SALL4-positive cases and the SALL4-negative cases that were either high grade and/or had lymphovascular invasion (n = 64). As shown in Figures 2C and D , there was no significant difference between the SALL4-negative/hightumor grade lymphovascular invasion group and the SALL4-positive group in recurrence-free survival (1.775 vs. 0.959 mo; P = 0.9750). However, there was significant difference between the SALL4-negative/high-tumor grade lymphovascular invasion group and the SALL4-positive group in overall survival (3.414 vs. 0.658 mo; P = 0.0357). Because of the small sample size of the SALL4-positive group, multivariate analysis could not be performed.
RESULTS
DISCUSSION
In this study, we examined the prevalence and clinical relevance of SALL4 immunoreactivity in a large Western HCC cohort. In contrast to recent reported findings in Asian HCC patients, SALL4 immunoreactivity (defined as Z5% of tumor cells) 29 was seen only in 3 of 236 cases (1.3%) in our series. Among these 3 patients, 1 had HCV, 1 had HBV+HCV, and 1 had no underlying liver disease. The 3 SALL4-reactive tumors had moderately and poorly differentiated tumors, and all had lymphovascular invasion. These cases also showed significantly shorter recurrence-free survival and overall survival compared with those with nonreactivity for SALL4.
Our results have several significant clinical implications. Recent in vitro and in vivo studies highlighted the role of SALL4 in hepatocarcinogenesis as well as its potential clinical relevance as a marker of aggressiveness. 28, 29 As a marker for stem cells, SALL4 expression is proposed to represent a stem cell phenotype in HCC, as shown in other cancer types. [31] [32] [33] [34] [35] These studies indicate that stem cell features, defined by nuclear SALL4 immunohistochemistry and/or mRNA expression, correlate with an aggressive course and poor prognosis. Importantly, in both HCC studies, SALL4 immunoreactivity was seen in 55.6% (n = 171) and 85% (n = 20) of cases, respectively, and overexpression by microarray analysis was detected in 50% of cases. 28, 29 This is in sharp contrast to our results. Interestingly, one recent study reported prevalence of SALL4 immunoreactivity that is closer to our data (0 of 60 cases examined). 36 In addition, a separate study examining 20 combined HCC-cholangiocarcinoma also found that none of the cases reacted with SALL4 antibody. 37 It has been commented that technical aspects of antibody retrieval strongly affects SALL4 detection 28 ; in our study, the methodology was similar to the protocol described by Yong et al. 29 Furthermore, our laboratory has previously validated the staining protocol. 27, 30, [38] [39] [40] [41] Thus, it is unlikely that the methodology explains our differences.
The mechanisms of the discrepancy of results between ours and the study published by Yong and colleagues may provide further insight into the clinical relevance of SALL4 as a prognostic marker in HCC management. It is possible that the discrepancy reflects the difference(s) in etiology of the HCC. Whereas the Asian cohorts in the previous studies are predominantly FIGURE 1 . Different SALL4 staining patterns in HCC. A, Diffuse nuclear SALL4 staining pattern was seen in 3 cases. These cases were defined as SALL4 positive. B, Granular nuclear staining pattern was seen in 20 cases. Immunohistochemical analysis performed on the tumor blocks of these cases confirmed that these cases were SALL4 negative. Scale bar: 1 mm.
HBV-related (> 50%), Western HCCs, as in our cohort, are enriched for HCV and nonalcoholic steatohepatitis. 1, 5, 6 The prevalence of HBV in our study was <10%. The etiology of the HCC cases included in the study by Ushiku et al 36 is unclear. It has been proposed that the X protein encoded by hepatitis B virus (HBx), activates b-catenin and epigenetically upregulates miR-181, impacts the expression of epithelial cell adhesion molecule, 42, 43 thereby promotes hepatocarcinogenesis through upregulating expression of multiple "stemness" markers. 42, 44, 45 Feng et al 46 have shown that in mice and patients with chronic HBV, the increased expression of interleukin-22 promotes proliferation of liver stem/progenitor cells, thus likely contributing to the formation of HCC. Many other . SALL4-positive cases had significantly shorter recurrence-free survival (P = 0.0115) and overall survival (P = 0.0018). C, Recurrence-free survival and (D) overall survival between SALL4-positive HCCs and SALL4-negative HCCs but with either high tumor grade or lymphovascular invasion. Black line: SALL4-negative/high-grade lymphovascular invasion group (n = 64); gray line: SALL4-positive group (n = 3). The 2 groups had no significant difference in recurrence-free survival (P = 0.9750), but the SALL4-positive group had significantly shorter overall survival (P = 0.0357). LVSI indicates lymphovascular invasion. studies have supported the correlation between HBV infection and HCC stem/progenitor cells. 47 Although hepatitis C virus has been shown to induce liver cancer stem cells, 48, 49 the mechanisms are less understood, with Hedgehog and Toll-like receptor 4 signaling pathways being proposed as main events. 20, [50] [51] [52] Thus, it is possible that hepatitis B and hepatitis C viruses act through activating distinct signaling pathways, thereby resulting in different effects on the downstream expression profile of SALL4.
In summary, utilizing TMAs constructed from a large HCC patient cohort, our study has shown that SALL4 expression in HCC patients should be interpreted with caution. Although it is associated with higher tumor grade and lymphovascular invasion and correlates with poor prognosis, the rarity of the prevalence (1.3%) limits its application for clinical management. Thus, it may be necessary to integrate additional biomarkers to provide a synthetic readout for prognosis prediction. Further validating studies from different ethnic and liver disease etiology groups are warranted. Mechanistic studies on how SALL4 expression is regulated in different hepatocarcinogenic pathways may also provide insights into the biology of HCC.
